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PREFACE 


During  1974-1976,  meetings  were  held  between  personnel  of  Air  Force  Human 
Resources  Laboratory  (AFHRL),  Air  Force  Recruiting  Service  and  Air  Force  Military 
Personnel  Center  to  dUcuss  the  information  to  be  included  in  the  payoff  function  to 
reflect  the  value  to  the  Air  Force  of  assigning  applicants  to  various  Air  Force  jobs.  While 
many  people  made  valuable  input,  major  contributions  were  provided  by  Mr.  Tom 
Beatty,  Mr.  Bob  Cantu,  Capt  Harry  Haltman,  Major  Gordon  Markham,  LtCol  Jack 
Tillman,  and  Capt  Tom  Van  Sweringen. 

Within  AFHRL  Occupation  and  Manpower  Research  Division,  signiflcant 
contributions  were  made  by  Dr.  Raymond  Christal,  Major  William  Hendrix,  Capt  Don 
Haney,  Mr.  Manuel  Pina,  AlC  Henry  Mclin,  Sgt  ffiU  Solomon  and  Capt  Mflce  Hawkins. 

Capt  Don  Haney’s  assistance  in  checking  the  detailed  development  of  the  poUcy-spedfled 

models  greatly  accelerated  their  development.  The  policy-sp^fying  FORTRAN  program,  i 

included  in  Appendix  L was  developed  by  Sgt  Bill  Solomon.  Mr.  Manuel  Hna,  who  wa  in 
charge  of  developing  the  computer>based  research  and  demonstration  program,  provided 

extensive  tests  of  the  payoff  system  that  led  to  numerous  improvements.  Mrs.  Helen  j 

Widner’s  careful  draft  typing  wa  esantial  to  completion  of  die  report.  i 

The  development  of  these  models  wa  made  possible  by  online  accea  to  the 
Burroughs  6700  at  the  U.S.  Air  Force  Academy,  Cblorado  and  to  the  UNIVAC  computer 
of  AFHRL,  Lackland  AFB,  Texa. 

Ihis  research  wa  completed  under  work  unit  20770401,  Development  of  an 
Advanced  Pre-Enlistment  Person-Job-Match  System  for  Air  Force  Enlistees  for  ua  in  the 
All-Volunteer  Environment.  Preliminary  research  was  conducted  under  work  unit 
20770308,  Reaarch  in  Support  of  Recruiting  Service  Operations. 
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CREATING  MATHEMATIC  AL  MODELS  OF  JUDGMENT  PROCESSES: 

FROM  POLICY^APTURING  TO  POLICY-SPECIFYING 

L INTRODUCTION 

Following  feasibility  studies  (Havtidns,  Crow,  & Haltman,  1974)  and  demonstrations  (Ward  & 
Haltman,  1975)  a computer-based  system  was  being  developed  for  selecting  and  classifying  personnel  who 
are  considering  enlisting  in  the  Air  Force.  This  system  is  a part  of  the  Air  Force’s  Advanced  Peisonnel  Data 
System  Procurement  Management  Information  System  (APDS-PROMIS).  Within  this  system  there  is  a need 
for  numerical  values  that  will  indicate  the  “value”  or  “payoff’  to  the  Air  Force  or  recruiting  a particular 
person  for  a particular  job  at  a specific  time.  The  value  to  be  used  is  sometimes  determined  by  judgment  of 
one  or  more  policy  makers.  Frequently  this  value  is  obtained  by  combining  several  different  types  of 
information  into  a weighted  composite  to  produce  a numerical  indicator  of  the  policy  trudcer’s  judgment  of 
“value.” 

One  method  of  weighting  is  to  have  the  policy  maker  explicitly  provide  the  numerical  weights  to  be 
used  with  the  different  types  of  information  to  form  the  composite  (explicit-wei^ting).  Explicit-weighting 
is  satisfactory  in  some  situations.  It  is  usually  difficult,  however,  to  choose  the  proper  multiplier  values  to 
form  the  composite  values  that  adequately  express  the  worth  of  a person  on  a job. 

The  difficulties  encountered  with  explicit-weighting  have  led  to  a second  method - 
policy-capturing  — which  involves  implicit  deterrrunation  of  the  numerical  weights.  In  the  policy-capturing 
process  the  policy  maker  observes  various  decision  situations  and  assigns  a number  to  reflect  the  “value”  of 
each  situation.  For  example,  a policy  maker  may  be  presented  a series  of  information  profiles  each  of  which 
reflects  important  data  about  an  Air  Force  applicant,  such  as  aptitude  test  scores,  difficulty  of  the  job  being 
considered,  applicant  preferences,  eta  The  policy  maker  assigns  a number  to  each  profile,  which  reflects  the 
value  to  the  Air  Force  of  assigning  the  applicant  to  a particular  job.  Then  the  wei^ts  are  computed  — by 
least  squares  regression  — that  best  predict  the  judged  values  from  variables  derived  from  the  information 
available  about  each  decision  situatiort  Some  examples  of  policy-capturing  applications  have  been  described 
in  the  following  publications'.  Mack  (1973);  Christal  (1968a,  1968b);  Gott  (1974);  Gooch  (1972);  Jones, 
Mannis,  Martin,  Summers,  and  Wagner  (1976);  Koplyay  (1970);  Koplyay,  Albert,  and  Black  (1976);  Mullins 
and  Usdin  (1970);  Ward  and  Davis  (1%3). 

During  the  early  stages  of  development  of  the  APDS-PROMIS  system  many  discussions  took  place 
concerning  various  approaches  to  obtaining  an  expression  of  value  for  the  different  person-job  assigtunenls. 
It  seemed  appropriate  to  create  the  values  of  the  assignments  by  means  of  the  policy-capturing  process. 
However,  there  was  considerable  hesitancy  by  everyone  concerned  to  launch  into  policy-capturing.  Some 
other  approach  seemed  to  be  required. 

It  is  difficult  to  identify  all  of  the  reasons  for  not  carrying  throug)!  the  policy-capturing  process. 
However,  the  major  difficulties  seemed  to  be  related  to  the  existence  of  two  different  types  of  information 
to  be  weighted  into  the  value  composite.  The  first  type  might  be  called  management-rekited,  such  as  “filling 
of  quotas”  and  “maintaining  minority  balance,”  and  the  second  type,  quaUtyof-assignmaits-related,  such 
as  “matching  a person  to  a job  in  which  he  will  perform  well  and  be  satisfied.”  The  two  types  of 
information  contributed  to  another  problem  in  pdicy-cipturing  - “who  will  be  the  panel  of  policy 
makers?”  There  mig^t  be  judges  who  can  adequately  combine  the  management-related  information  and 
there  mi^t  be  judges  who  can  handle  the  quality-of-assigiunents-related  infomuition.  But  it  was  felt  that  it 
would  be  difficult  to  identify  policy  makers  who  could  appropriately  combine  both  types  of  variables  into 
an  acceptable  policy  through  the  policy-capturing  process.  Furthermore,  it  seemed  likely  that  a mixed  panel 
of  policy  makers  (management-related  vs.  quality-of-assignments-related)  would  not  yield  an  acceptable 
model  througji  policy-capturing.  And  failure  to  arrive  at  a policy  model  could  strain  relations  among  the 
policy  makers. 


Time  was  getting  short.  A value  generator  was  needed.  It  was  decided  that  a starting  policy  model 
should  be  created  reflecting  as  well  as  possible  the  “expressions  of  policy”  that  had  emerged  through  the 
numerous  discussions  among  personnel  managers  and  tesearchen.  Output  values  from  this  starting  model 
would  be  displayed  and  used  in  a demonstration  of  the  PROMIS  assignment  procedure.  Both  personnel 
managers  and  researchers  could  examine  the  generated  values  a.''d  provide  comments  to  the  model  makers 
for  revising  the  model.  This  strategy  led  to  the  development  of  another  implicit-weighting  approach  — 
policy-specifying.  This  third  method  provides  another  way  of  reflecting  a policy  maker’s  value  judgments  in 
a mathematical  model  without  requiring  explicit-weighting  and  without  the  more  lengthy  pdicy-capturing 
process. 

The  process  of  policy-specifying  requires  a translation  into  a matheirtatical  model  of  flie  policy 
makers’  general  statements  about  the  way  information  is  combined  to  generate  values.  After  a model  is 
created  and  the  results  are  displayed  to  the  policy  makers,  a new  model  is  evolved  to  reflect  the  policy  more 
precisely.  Hie  process  of  creating  new  models  with  new  properties  continues  until  the  outputs  are 
acceptable  to  the  policy  makers. 

Repeatedly  creating  new  models  for  the  generation  of  the  PROMIS  payoffs  was  time-consuming  and 
the  long  cycle  time  required  to  display  the  output  from  a new  model  threatened  an  unacceptable  delay  in 
implementing  the  APD&PROMIS  systera 

In  order  to  reduce  the  time  required  to  create  new  models  for  examination  by  pdicy  makers,  it  was 
decided  to  develop  a model  generating  system.  This  model  generator  is  controlled  by  parameter  settings 
throu^  an  interactive  computer  program.  U allows  the  model  developer  to  greatly  reduce  the  time  required 
to  bring  models  into  alignment  with  desired  policy. 

The  power  of  this  model  generator  was  realized  during  the  last  two  weeks  before  nationwide 
operational  implementation  of  APDSPROMIS.  Policy  makers  took  a last  minute  closer  lode  at  the  existing 
(soon  to  be  operational)  payoff  generator.  They  were  not  happy.  Using  a remote  terminal  connected  by 
phone  frtnn  the  policy  maker’s  office  at  Randolph  AFB  to  the  AFHRL  UNIVAC  1108  Computer  at 
Lackland  AFB  new  models  were  quickly  examined  and  tested  in  the  operational  system.  An  acceptable 
payoff  generator  was  created  and  APDS-PROMIS  went  operational  on  schedule. 

The  general  models  developed  in  this  report  for  policy-specifying  in  the  personnel  assignment 
problem  can  be  applied  to  many  other  situations  by  varying  the  parameters  of  the  models  to  obtain  the 
desired  characteristics.  When  these  model  forms  are  not  applicable,  the  appropriate  models  can  be 
developed  by  imposing  the  restrictions  systematically  as  shown  in  Appendixes  A throu^  G of  this  report 
and  in  Introduction  to  Linear  Models  (Ward  & Jennings,  1973)  and  Applied  Multiple  Linear  Regression 
(Bottenberg  & Ward,  1%3). 

The  remainder  of  this  report  focuses  in  Section  II  on  the  two  implicit-weighting  methods  mentioned 
above  — policy-capturing  and  policy-specifying  — and  their  combination  referred  to  as  policy-development. 
Section  III  contains  several  specific  examples  of  policy-specifying  that  arose  during  the  development  of  the 
person-job-match  component  of  APDS-PROMIS.  Section  IV  contains  a description  of  the  model  generator 
and  its  application  to  the  specific  examples  in  Section  III.  The  detailed  developments  of  the  models  and  the 
FORTRAN  program  for  the  model  generator  are  included  as  appendixes. 


a IMPLICIT  WEIGHTING  IN  POLICY  DEVELOPMENT 

The  weights  derived  from  a policy-development  process  can  be  viewed  on  an  imi^cit-weighting 
continuum.  On  one  end  of  the  continuum  are  the  implicit  wei^ts  derived  from  the  policy-capturing 
process,  and  at  the  other  extreme  are  the  implicit  weights  derived  from  the  policy-specifying  process.  This 
section  focuses  first  on  the  implicit  weights  derived  from  policy-capturing  and  policy-specifying.  This  is 
followed  by  a discussion  of  the  implicit  weights  from  general  policy-development  which  combines  both 
capturing  and  specifying. 


Policy -Captiufaif  Wci|htt 

Extendve  discussions  of  the  policy-capturing  process  are  available  in  the  references  previously  dted. 
The  focus  here  is  on  the  regression  weights  obtained  from  policy-captuiing.  The  implicit  weighu  obtained 
from  policy-capturing  are  obtained  by  solving  for  coefficients  that  when  used  to  foim  a composite  of 
predictor  information  will  best  predict  the  judgments. 

Specifically,  let 

Y - a vector  of  judged  values  of  dimension  n.  Ihese  n judgments  are  obtained  from  a 
prdicy  maker,  who  examines  each  decision  situation  and  assigns  a value  to  be 
associated  with  the  situation. 

U = the  unit  vector  of  dimension  n,  with  aU  elements  equal  1 . 

X^)  = the  jth  predictor  vector,  of  dimension  n generated  from  the  information  associated 

with  the  decision  situations,  j * I, . . . , k.  Assume  that  n > k + 1. 

E = the  error  vector  of  din  ension  n. 

1^  the  unknown  weights  associated  «1th  XU)  to  be  implicitly  determined  to  minimize 

the  enor  sum  of  squares,  j >‘1, . . . , k. 

ao  the  unknown  wei^t  associated  with  U. 

Then  the  prediction  model  may  be  written 

Y = a„U  + aiX(i)  + a2X(2)  + . . . + ^XU)  ♦ . . . + SkXtk)  + E(i)  (1) 

and  the  least  squares  weights  can  be  used  to  predict  the  Y values  for  new  situations. 

While  the  policy-capturing  process  has  been  quite  useful  for  modeling  judgments,  another  procedure 
for  obtaining  weights  may  have  advantages  in  some  dtuations. 


Policy-Specifying  Weights 

Policy-capturing  requires  a set  of  judgments  ( Y values)  associated  with  n decision  situations  to  obtain 
the  implicit  weights.  However,  in  the  policy-specifying  process  the  weights  are  determined  without 
empirically  obtained  judpnents  (Y  values)  by  stating  desired  properties  of  and  relations  among  the 
predicted  values  in  suffleient  detail  that  the  numerical  weights  become  known. 

Spedflcally  let 

bj  B the  unknown  weights  to  be  determined  by  policy-specifying  (conesponding  to  ^ in 
policy-capturing  above),  j » 1 , . . . , k. 

bo  ^ an  unknown  constant  (corresponding  to  So) 

Xj  « variables  conesponding  to  the  piedictor  vecton  above.  These  ate  not  vectors  of 

data  but  ate  variables  which  when  given  a set  of  weights  faj  and  bg  and  a set  of 
values  for  will  yidd  a composite  value  y. 

Then  we  have  the  starting  function 

y = bo  + biXi  + b2X2  + . . . + bjXj  + . . . + bfcXk  (2) 

Prior  to  the  policy-specifying  process  the  range  of  values  for  x^ , X2, . . . , Xk  ate  known  but  the  bj  and 
bo  values  are  not  known.  Policy-specifying  proceeds  by  stating  restrictive  relatioiu  among  the  predicted 
values  for  various  values  of  These  policy  statements  result  in  restrictions  on  die  values  of  and  bg  so 
that  the  numerical  values  of  the  weights  can  be  determined.  Specification  is  completed  when  k ♦ 1 
independent  restrictions  are  imposed.  Once  ttw  values  of  bj  and  bg  rue  known  then  predicted  values,  y,  can 
be  calculated  for  any  values 


w 


This  process  of  policy-specifying  is  the  same  as  that  required  for  imposing  restrictions  on  linear 
statistical  models  to  test  hypotheses.  The  procedures  described  by  Bottenberg  and  Ward  (1%3)  and  Ward 
and  Jennings  (1973)  can  be  directly  appUed  in  determining  the  weii^ts  implied  by  the  policy-specifying 
process. 

This  report  focuses  on  specific  examples  of  policy-specifying  and  general  forms  which  migjit  be 
applicable  to  new  situations. 

Policy-Developnient  Weights 

Policy-capturing  and  policy-specifying  can  be  combined  to  form  a general  prooeu  of 
policy-development  A particular  decision  maker  may  start  by  specifying  several  properties  about  relations 
among  the  predicted  values  in  the  function  (2).  Whereas  policy-specifying  resulted  in  k 1 restrictions  on 
the  k -t  1 weights,  bj  and  bo,  the  expression  of  desired  properties  may  result  in  only  r <k+  1 restrictions 
on  the  bj  and  bo  values. 

Then  impo^g  these  r restrictions  on  the  starting  model  (2)  results  in  a restricted  model 

yr  = Co  + CiZj  + C2Z2  + . . . + qZj  + . . . + Ct.rZk-r  (3) 

where 

Zj  = new  variables  resulting  from  imposing  the  r restrictions. 

Each  Zj  variable  is  a linear  combination  of  the  Xj  variables.  Now  since  there  are  still  k -t*  1 - r 
unknown  weights  cj  and  Co  to  be  computed  it  would  be  possible  to  use  pohcy-capturing  to  find  the  Cj 
values.  The  decision  maker  could  provide,  for  each  of  n [n  > (k  + 1 - r)l  decision  situations,  y^  (i  > 1, . . . , 
n)  values  associated  with  various  profiles  of  information  about  the  different  situations.  Then  the  least 
squares  values  of  can  be  computed  for  the  model 


Y = CoU  -t  ciZU)  + C2Z(2)  + CjZU)  -t . . . Ck.rZ(''-0  + E(2)  (4) 

where 

Y = a vector  of  judged  values  of  ditiwnsion  n. 

ZU)  = the  jth  predictor  vector,  of  dimension  n formed  as  linear  combinations  of  the 

predictor  vectors  Xd)  generated  from  information  associated  with  the  decision 
situations. 

Having  computed  the  least  squares  values  for  Cj  and  Co  the  weighting  system  now  produces  values  that 
both  reflect  the  policy  restrictions  imposed  by  the  policy-specifying  process  and  the  best  fit  to  dw 
empirical  judgments. 

The  remainder  of  this  report  will  concentrate  on  policy-specifying  procedures.  The  next  section  wU 
provide  several  examples  of  the  use  of  policy-specifying.  This  will  be  followed  by  generalizations  wMdi  are 
applicable  to  new  situations. 


la  POUCY-SPECIFYINC  EXAMPLES 

This  section  contains  several  examples  of  poiky-specifying  that  arose  during  the  devdopment  of  the 
person-job-match  component  of  APDS-PROMIS.  Focus  in  these  examides  is  on  description  of  die  policy 
and  the  model  that  results  from  translating  the  natural  language  policy  statements  into  mathemadcal  form. 
Model  specifying  details  which  are  required  to  develop  the  models  are  presented  in  the  appendixes.  The 
mathematical  restrictions,  imposed  in  the  appendixes  to  create  the  various  models,  are  selected  to  both 
approxinute  the  policy  statements  and  to  allow  for  easy  generation  and  control  of  die  models. 
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Extmple  1:  Value  to  Air  Force  ai  Function  of  Aptitude 
and  Job  Difficulty 

The  most  important  example  arising  in  PROMIS  is  the  expression  of  policy  about  the  “value  to  the 
Air  Force”  of  assigning  a particular  penon  to  a particular  job.  While  there  are  several  variables  (or 
components)  that  contribute  to  this  expression  of  worth,  the  most  important  component  involves  the 
expression  of  value  of  the  person-job  assignment  as  a function  of  only  two  basic  properties  — aptitude  of 
the  person  and  difficulty  of  the  job. 

The  policy  maker  indicated  the  following  desired  properties  of  his  values: 

1.  The  range  of  composite  numbers  y to  express  “value"  would  be  from  0 to  100. 

2.  A value  of  100  would  be  assigned  when  a person  with  maximum  aptitude  (a  = 9S)  is  assigned  to  a 
job  of  maximum  difficulty  (d  = 100). 

3.  Values  of  0 would  be  assigned  when  a person’s  aptitude  is  about  IS  or  20  points  below  the 
difficulty  measure  of  the  job. 

4.  A value  of  15  would  be  assigned  when  a person  with  minimum  aptitude  (a  = 40)  is  assigned  to  a 
job  of  minimum  difficulty  (d  = 40). 

5.  A value  of  35  would  be  assigned  when  a person  with  maximum  aptitude  (a  = 95)  is  assigned  to  a 
job  of  minimum  difficulty  (d  = 40). 

6.  The  values  for  a person  with  maximum  aptitude  (a  = 95)  will  start  at  y = 35  ^en  a = 40  and 
increase  gradually,  reaching  the  maximum  value  y = 100  at  d = 100.  This  policy  statement  is  sketched  in 
Figure  1. 


Figure  1.  Y (payoff)  = function  of  d at  a * 95. 


y » 100 
a = 95,d=  100 


7.  .A  person  of  minimum  aptitude  (a  = 40)  will  have  a maximum  value  (y  = IS)  when  assigned  to  a 
minimum  difficulty  job  (d  = 40).  The  values  for  this  person  will  start  at  y 1 5 when  a ^ 40  and  decrease 
gradually  to  y » 0 when  the  job  difficulty  is  about  60.  This  can  be  sketched  as  shown  in  Figure  2.  The 
combliution  of  policies  6 and  7 are  shown  in  Figure  3. 
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8.  Persons  between  the  extreme  aptitudes  (40  < a < 95)  will  have  their  maximum  values  about  when 
the  aptitude  value  is  approximately  equal  to  or  slightly  greater  than  the  difficulty  measure.  This  policy  can 
be  combined  with  statements  6 and  7 to  give  the  following  sketch  shown  in  Figure  4. 


Figure  4.  Y (payoff)  = function  of  d at  a = 40,  a = 70,  a = 80,  a = 90  and  a = 95. 


9.  The  policy  maker  stated  that  for  a job  of  minimum  difficulty  (d  = 40)  the  amount  of  change  in 
value  per  unit  change  in  aptitude  would  be  constant  and  the  values  should  increase  only  slightly.  As  a moves 
from  40  to  95,  y changes  from  15  to  35. 

10.  As  the  job  difficulty  increases,  the  amount  of  change  in  value  per  unit  change  in  aptitude 
increases  rapidly.  Statements  9 and  10  are  sketched  as  shown  in  Figure  5. 


Figures.  Y (payoff)  ■ function  of  a at  d ■ 40,  d ■ 60,  d ■ 70  and  d * 100. 
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Fonowing  the  proceduiet  detafled  in  Appendix  A,  the  pdicy  ipedfled  model  beonmce 

y-35  +. 3636  (« -95)  + . 05417  (d- 40)* 

+ .00001 136  (a  - 95)  (d  - 40)* 

+ . 0009848  (a- 95)  (d- 40)* 

-. 0006019  (d- 40)* 

The  highest  power  for  aptitude  (variable  a)  wu  sdected  as  1 since  statement  9 hidketes  a coostant 
change  in  value  (y)  per  unit  change  in  aptitude  (a).  The  hi^iest  power  of  (UfBcvlty  (vaiUble  d)  was  selected 
as  small  as  possible  (3)  while  reflecting  statements  6 and  7.  Higher  powers  of  d could  be  used  and  pmewitfid 
to  policy  makers  if  power  3 does  not  produce  desired  outcomes.  The  product  between  qrtltwk  (a)  and 
difficulty  (d)  reflects  interactions  between  a and  d u implied  in  statements  6 and  7,  and  in  statements  9 
and  10. 

TaUe  1 contains  selected  values  generated  from  the  above  policy-epedlled  model.  Observe  that  values 
outside  the  critical  range  are  shown  to  illustrate  that  the  model  has  the  desired  properties.  Only  the  positive 
values  generated  by  this  modd  are  used.  The  eligibility  tests  ap{died  prior  to  use  of  this  r«^  dhninate 
aptitude-difficulty  combinations  fliat  produce  negative  payoff  values.  Observe  that  all  slopes  are  zmo  at  d 
(difficulty)  = 40  and  that  the  ridge  of  maximum  values  moves  from  15  at  a >40,  d > 40  to  100  at  a >^5,  d 
= 100.  Bgure  6 is  a three-dimensional  representation  of  flie  model 


Ttble  1.  Y (Psyofl)  > Function  of  a (i^rtitode)  and  d(difBcalty) 
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Ftgute  6.  AptItade-DifflciiHy  compoBcat. 

Eumplel:  Vahw  to  Air  Force  as  Function 
of  Him  Ubed  and  Fraction  of  Fill 

Another  component  that  contiibutei  to  oreiall  value  of  — »hh<«h  a paitkidai  panon  to  a job  ii 
related  to  die  particular  jbb’t  tai^oitance,  the  time  uaed,  and  the  fraction  of  the  quota  dnady  filled. 

h ii  anumedin  diie  exanqde  that  when  a job  quota  becomes  open  there  are  ISOdqrtleft  tofil  the 
quota. 

The  policy  maker  itated  die  following  diaiacterlstics  of  hit  values: 

1.  TherangBofcompoaitenumbertytoexpleal‘^ralue"if  fromOto  100. 

2.  There  diould  be  an  inqioitanoe  nuniber.  k,  (between  0 and  100)  that  can  be  used  to  emphatiae 
certain  jobs  more  ttioni^  dian  others  Independent  of  the  time  used  and  fraction  of  fill. 

3.  A value  of  y dose  to  100  would  be  aielgned  for  a completely  unfilled  quota  with  almost  no  time 
left  (near  time,  t ■ 180  days  and  fraction  of  quota  filled,  f ■ .OX 

4.  A value  dose  to  0 would  be  amigMd  for  an  ahnoetconqiletely  filled  job  with  maximum  time  left 
(near  t«0  (fays,  f*  1.0). 
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5.  The  importance  number,  k,  aiaociated  with  the  job  would  be  the  value  of  y when  time  uaed,  t ■■  0 
daya  and  fraction  of  quota  flUed,  f • .0. 

6.  The  value  of  y approadiea  k,  the  job-importance  number,  when  the  quota  ia  doae  to  being  filled 
with  almoat  no  time  left  (near  t > 180  and  f > 1.0). 

7.  For  any  fraction  of  fill,  the  amount  of  Aany  in  value  per  unit  change  in  time  ia  coikatant; 
liowever,  the  constant  change  mig)it  be  different  for  different  valuea  of  fflL 

8.  For  any  time,  the  amount  of  change  in  value  per  unit  change  in  fraction  fBl  ia  constant;  however, 
the  constant  change  might  be  different  for  different  values  of  time. 

Trandating  these  policy  statements  into  a model  (details  given  in  Appnedix  B)  yields 

y«k  + (100-k)t  + (-k)f+(2k-100)(t0  (2) 

180  180 

Notice  that  the  highest  power  for  both  t and  f it  one.  Ihit  reflects  statements  7 and  8.  Also  die 
product  between  t and  f reflects  the  interactions  imgdied  in  statonentt  7 and  8. 

For  example,  consider  a low  priority  job  with  k * 25. 

Then 

|y»25+  75t-25f-  50(t0 

ISC’ 

■=  25  + .4167(0  • 25f  - .2778(t0 
Two  sketches  of  this  policy  are  shown  in  Figuies  7 and  S. 


7.  Y (payofO ” functkm of f fork«25itt«0,t“90,t"  180. 
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Figures.  Y ({wyoft)  * AinctioB  of t fork ■ 25it f ■ .0,f ■ .5, f ■ 1.0 

Values  of  y for  selected  comWiutiont  of  t and  f aie  diown  in  Table  2. 

Table  2.  Y (Payoff)  • Function  of  t (time  aaed)aad  f (ftaction  fill)  for  k ■ 25 
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Ahiifi  prioitty  job,  for  example  k ■ 7S  would  give 


- 75  + .1389(t)  • 75(f)  ♦ .2778(tf) 

Two  iketdiet  of  Ifae  high  priority  poUcy  are  ihown  in  nguies  9 and  10. 


Flgure9.  Y (payoff)  - function  of  f for  k *75  at  t ■ 0,  t ■ 90,  t ■ 180. 


Figure  10.  Y (peyott) • function oftfork"7Satf*.0,f«.S,f«1.0. 


VafaiM  of  y for  idaetod  oombiaationt  of  t and  f an  ihown  in  Table  3. 

TbNa  3.  Y (hqroll)  ■ Fnnetiea  of  t (time  uae^  and  f (fraction  fiU)  for  k ■ 7S 


BampbS:  Vaina  to  Ak  Forte  aaFbnetion 
ofFIlMdKnoemGoal 

Another  type  of  value  component  nlatei  to  the  fraction  of  quota  fill  compared  to  a tpecific  goal. 
TUa  policy  could  be  dereloped  to  reflect  the  value  of  an  aidgnment  at  it  nlatea  to  the  fraction  of  quota 
fined  by  a ndnority  group  compand  to  a deaimd  fraction. 

The  policy  apedfled  in  thh  caae  involvei  the  foUowing  gmeral  chancteriaUca: 

1.  Ihe  range  ofvahiea  for  yiaO  to  100. 

2.  When  the  fraction  obaervad  ia  equal  to  die  goal,  the  payoff  value,  y,  diould  equal  SO. 

3.  Aa  the  fraction  obaeived  beoomea  gnater  than  the  goal,  die  value  alowly  decreaaea  below  SO  to  a 
mkilmumofO. 

4.  Aa  die  fraction  obaeived  becomea  leaa  than  the  goal,  the  value  dowly  incnaaea  above  SO  to  a 
maodmum  of  100. 

5.  For  any  goal  fracdon,  g,  die  incmaaing  vahiea  moving  from  SO  to  100  wfll  diange  at  die  aame  rate 
aa  the  dacreaalngvaluea  from  SOtoO. 

6.  For  any  goal  fraction,  g,  the  conqilete  range  of  vahiea  from  0 to  100  will  be  poaaible. 

The  policy  ia  reflected  by  the  foDowingexpieadoni.  The  devdopmenta  of  theae  expreaaiom  an  given 
in  Appendix  C> 


WhraO<g<  JtndO<f<2B 
y- 50+50(ffy 


For  the  tpedal  case 

ga 0 and f^O, then  y*0 
g * 0 and  f ■ 0,  then  y ■ SO 

WhenO<g<.S  and2g<f<  1 

y»0 

When  .5  < g < 1 and  (2g  • 1 ) < f < 1 


ySOt  SO  (g-0* 

(I-lO* 

For  die  ipedal  caaes 

g*l  and f #1, then y«  100 
g ■ 1 and  f ■ 1,  dien  y ■ SO 

When  .S  <g<  1 andO<f  <(2g- 1) 


Notice  that  a onaU  power  (3)  waa  cfaoaen  to  approxiniate  thJa  poHcy.  Other  odd  powen  could  be  need 
tf  appropriate. 

Figure  11  diqd>y*dieaketdieafordueeTaluecofg. 


FlprtlL  Y(pqrea)«flanetio«att[fnctlonfflOfBtg« J.gB.S,gw.8w 


ViluM  of  y tie  presented  in  Tabk  4 for  various  values  off  and  jp 

TMe  4 YOPayofl)  >■  Function  of  fCfoal)  and  {(fraction  fill) 


In  actual  opeiatioo  with  this  componeift  it  may  be  desirable  to  use  a default  option  by  imposing  the 
ffMid»tinn  y - SO  when  g ■ 0 or  g ■ 1.  This  results  in  an  “on  target”  assumption  for  g ■=  Oor  g ^ 1 for  any 
values  off.  If  this  approach  is  used  for  defauh,  fiien  it  would  be  necessary  to  use  a g value  very  (dose  to  zero 
to  represent  a goal  of  0 and  to  use  a gvalue  very  dose  to  one  to  represent  a goal  of  1. 

Example  4:  Vahw  to  the  Air  Force 
asa  Function  of  Several  Components 

lUs  examide  involves  wei^hfhig  several  components  to  express  value  in  a way  that  controls  the 
“contribution”  or  “relative  weighting’  of  each  component  in  the  composite. 

In  this  case  the  pcdky  is  described  m follows: 

1.  Hie  range  of  the  composite  value,  y,  is  from  0 to  1000. 

2.  The  “relative  wei^ting”  or  “contribution”  of  a composite  is  determined  by  converting  the  range 
of  eadi  component  into  a specified  fraction  of  the  total  composite  indicated  as  follows. 

Letting 

Xi  * value  of  variable  i,  1 ■ 1 n 

fi  ■ fraction  of  ccm^waite  to  be  used  by  variable  i 

hi  ■ hi^  value  of  varlaUei 
li  « low  value  of  variable  i 
he  * high  value  of  composite 

le  ■ low  value  of  composite 

Then  the  model  developed  in  Appendix  D to  erqiress  the  previous  pcdicy  is 

y le+  S fi- — — tXi-lj) 
i-l  (hi  -li) 

For  example,  let 


21 


Values  of  y are  presented  in  Table  S for  various  comUrutions  of  xi  and  X2. 

Table  5.  Y (Payoff)  * Function  of  X|  and  Xj  (y  > 6xi  8x2) 
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IV.  GENERAL  PURPOSE  MODELS  FOR  POLICY-SPECIFYING 

It  was  indicated  in  Section  I that  policy-q>ecifying  required  repeated  creation  of  new  models  with 
different  properties  in  an  effort  to  produce  output  values  that  are  acceptable  to  the  policy  maker.  Section 
n (and  the  corresponding  Appendixes  A through  O)  gave  tpedfk  examples  of  models  with  btteractions 
among  various  powers  of  variables.  If  the  processes,  described  in  Appendixes  A throuih  D.  had  to  be 
repeated  everytime  a new  model  was  desired,  each  policy-specifying  cycle  would  be  extremely  slow.  Ihis 
repetitious  and  slow  process  of  imposing  restrictioiu  for  each  different  situation  provides  good  practice  for 
die  model  maker  but  it  slows  and  impedes  (and  could  possibly  destroy)  the  pdicy-qieciiying  process.  To 
make  policy-specifying  a viable  approach  for  representing  value  judgmoits,  several  general  forms  were 
developed.  By  varying  parameter  settings  it  is  easy  to  generate  many  different  modek  and  examine  the 
results  quickly.  Thk  section  contains  the  diree  general  fomu  that  were  developed  with  examides  of  how 
diey  can  be  used  to  create  specific  modek.  At  die  end,  the  three  general  forms  are  presented  together  to 
provide  a pictorial  aid  to  pdicy-specifying  In  thk  section  all  policy-specified  modek  are  written  using 
FORTRAN  expressions.  Thk  provides  for  accurate  communication  of  the  modek  and  ease  ctf 
implementation  on  a computer. 

Definitions 

Hie  parameters  that  will  be  used  to  describe  the  general  modds  are  described  as  follows.  Values  for 
these  parameters  are  determined  by  policy.  Referring  to  the  following  information. 

A(l)  s the  smaller  control  value  of  variaUe  A 

A(2)  - the  larger  control  value  of  varkMe  A 

D(0  * the  smaller  control  value  of  variable  D 

D(2)  ^ the  krger  control  value  of  variable  D 

Y(l,l)  = the  Y value  corre^KMiding  to  A(1),D(1) 

Y(2,l)  ■ the  Y value  corresponding  to  A(2X  0(0 

Y(l,2)  » die  Y value  corresponding  to  A(1X  0(2) 

Y(2,2)  - the  Y value  corresponding  to  A(2X  0(2) 

AEXP  ■ the  polynomial  exponent  for  variable  A 
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DEXP  = the  polynomial  exponent  for  variable  0 
KONA  ^ control  for  variable  A characteristics 

KOND  = control  for  variable  D characteristics.  KONA  and  KOND  are  uaed  to 
specify  the  locations  and  movements  of  slopes  and  inflection  points. 
KONA  will  take  the  value  of  1 to  specify  control  with  reference  to  A(l) 
and  the  value  2 to  specify  control  with  reference  to  A(2).  Simflariy  KOND 
will  take  the  value  of  1 to  specify  con^rd  with  reference  to  D(l)  and  the 
value  2 to  specify  control  widi  reference  to  0(2). 

An  example  of  locations  for  the  A’s,  ID’s,  and  Vs  is  presented  at  Rgure  14. 


All)  A(2>  D(’) 

A D 

Figure  14.  Y (payoff)  > function  of  A and  D An  example  of  locations  of  parameten. 


Model  1 

The  first  general  model  allows  for  expressing  the  composite  value  Y as  a function  of  any  two 
variables,  A and  D,  using  a general  polynomial  form  with  easy  control  of  the  location  of  slopes  of  zero  and 
critical  Y values.  Appendix  E describes  the  development  of  this  model. 

Model  1 is  expressed  as 

Y = B(l)+  B(2)  * (A  - A(KONA))  *•  AEXP 
+ B(3)  • (D  - D(KOND))  ••  DEXP 

+ B(4)  • ((A  - A(KONA))  ••  AEXP)  • ((D  • D(KOND))  ••  DEXP) 

Where 

B(l)  = Y (KONA,  KOND) 

B(2)  = (Y(KONACH,  KOND)  - Y(KONA,  KOND)y((A(KONACH)  - A(KONA))  ••  AEXP) 

B(3)  = (Y(KONA,  KONDCH)  ■ Y(KONA,  KOND))/((D(KONDCH)  - D(KOND))  ••  DEXP) 

B(4)  - (Y(KONA,  KOND)  • Y(KONA,  KONDCH)  - Y(KONACH,  KOND)  + Y(KONACH. 

KONDCH))/(((A(KONACIfl  • A(KONA))  ••  AEXP)  • ((D(KONDCH).  D(KOND)) 

••  DEXP)) 
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Also  note  that  • means  “multiplication”  and  ••  means  “exponentiation.” 


Where  KONACH  = 3 - KONA 

= 2 when  KONA  =1 

= 1 when  KONA  = 2 

KONDCH  = 3 - KOND 

= 2 when  KOND  = 1 

= 1 when  KOND  = I 


This  model  has  the  following  characteristics  under  control  by  KONA  and  KOND: 

1.  For  every  value  of  D the  slope  for  variable  A is  zero  at  A(KONA)  and  no  other  values  of  A. 

2.  For  every  value  of  A the  slope  for  variable  D is  zero  at  D(KOND)  and  no  other  values  of  D. 

3.  For  any  value  of  AEXP  and  for  all  values  of  D the  variable  A and  the  slope  Y with  respect  to  A 
(caUed  A-slope)  is  either  always  increasing  or  always  decreasing  between  A(l)  and  A(2).  Note  that  hi^er 
values  of  AEXP  result  in  slower  changes  in  Y as  A changes  near  A(KONA)  and  faster  changes  in  Y as  A 
changes  near  A(KONACH)i 

4.  For  any  value  of  DEXP  and  for  all  values  of  A,  the  variable  D and  the  slope  of  Y with  respect  to 
D (called  D-slopc)  is  either  always  increasing  or  always  decreasing  between  D(l)  and  D(2).  Note  that  hi^er 
values  of  DEXP  result  in  slower  changes  in  Y as  D changes  near  D(KOND)  and  faster  changes  in  Y as  D 
changes  near  D(KONDCH). 

Figure  15  shows  sketches  of  curves  at  the  critical  control  values  for  a possible  policy  specification. 

This  general  form  will  now  be  used  to  represent  Example  2 above  where  Y is  a function  of  time  used, 
T;  fraction  of  fill,  F;  and  job-importance,  K. 

In  this  situation  the  variable  A corresponds  to  T (days  used)  and  variable  D corresponds  to  F (fraction 
of  fill).  As  defined  before,  K is  the  job  importance  indicator.  Then  we  can  specify  the  parameters  in  the 
general  model  to  obtain  the  specific  model 


A(l) 

0,  the  smaller  eontrol  value  of  T (days  used) 

A(2) 

1 80,  the  larger  control  value  of  T (days  used) 

D(l) 

0,  the  smaller  control  value  of  F (fraction  fill) 

D(2) 

I.O,  the  larger  control  value  of  F (fraction  fiU) 

Y(l,l)  = 

K,  Y value  at  T = 0,  F = 0 

Y(2,l)  = 

100,  Y value  at  T = 180,  F = 0 

Y(1,2)  = 

0,  Y value  at  T = 0,  F = 1.0 

Y(2,2)  = 

K,  Y value  at  T = 180,  F = 1.0 

AEXP 

1,  the  change  in  Y is  constant  as  T changes 

DEXP 

1 , the  change  in  Y is  constant  as  F changes 

KONA  = 1 'i 

Setting  of  KONA  and  KOND  can  be  either  1 or  2, since  there  is  no 

KOND  = 1 ) 

requirement  of  control  for  slopes. 

KONACH  = 

3-KONA=2 

KONDCH  = 

3 - KOND  = 2 

I 
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Figure  IS.  Y (payoff)  ■ function  of  A and  D.  Examples  of  pannneter  settinm  for  Model  1. 
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Substitution  yields 

B(l)  - Y(KONA,KOND)-Y(l,l)  = K 

B(2)  = (YOCONACH,  KOND)  ■ YOCONA,  lCOND))/((AaCONACH)  - A(KONA))  •*  AEXP) 

= (Y(2.1)-Y(l.iy((A(2)-A(l))*M) 

= (l00-Ky(180-0)**  I*(100-Kyi80 

B(3)  = (YOCONA,  KONDCH)  - YOCONA,  KOND)y((DaCONDCH)  - D(KOND))  ••  DEXP) 

= (Y(1.2) . Y(l,l)y((D(2)  ■ D(l))  ••  1) 

= (0-Ky(1.0.0)**l  =-K 

B(4)  = (YOCONA,  KOND)  - YOCONA,  KONDCH)  - Y(KONACH,  KOND)  + Y(KONACH, 
KONDCH)y(((A(KONACH)  - A(KONA))  ••  AEXP)  • ((DOCONDCH)  - DOCOND)) 

••  DEXP)) 

- (Y(l,l).  Y(1,2).Y(2.I)+ Y(2,2)y(((A(2)- A(l))**  1 )*((D(2)-D(1))**  1)) 

= (K-0-100+Ky(((180-0)**l)*((I.0-0)**  1)) 

= (2  • K - 100) 

tnd  the  final  model  wiitten  similar  to  the  original  form  of  Example  2 on  page  16  is 

Y = K + (100  - K)T  + (-K)F  + (2K  - lOOXTF) 

180  180 

KecaOing  that  Y(1 ,1)  = K and  Y(2,2)  ^ K,  to  generate  this  function  when  K = 2S,  requires  Y(l,l)  - 2S  and 
Y(2,2)  » 25.  Ihe  output  of  this  general  model  and  its  parameter  settings  are  shown  in  TaUe  6.  The  results 
are  identical  to  Table  2.  The  following  parameten  are  used  to  control  die  range  of  A and  D used  in 
generating  Y values  from  the  function. 

KSTARA  = the  first  value  of  A 

KSTOPA  - the  last  value  of  A 

KINCA  = the  amount  that  A is  incremented 

KSTARD  = the  first  value  of  D 

KSTWD  the  last  value  of  D 

KINCD  the  amount  that  D is  incremented 

The  parameter  settings  and  output  of  this  functkm  for  K 75  is  shown  as  TaUe  7.  This  output  is  the  same 
u Table  3. 

Now  assume  that  the  policy  maker  decides  that  everything  is  fine  except  that  instead  of  constant  changes  in 
Y values  the  change  in  Y values  should  be  gradual  near  T » 0 and  F = 0 (corresponding  to  A(l)  and  D(l)). 
This  requies  control  of  slopes  and  is  acoortqrUshed  by  introducing  a polynomial  of  degree  2 or  more  and  by 
requiring  die  slopes  of  Y widi  reqiect  to  A (A>dope)  for  all  D to  be  zero  at  A(l)  and  the  slope  of  Y widi 
respect  to  D (D-slope)  for  all  A to  be  zero  at  D(l)i 

Assume  dien  that 
AEXP=2 
DEXP  = 2 

KONA  * 1 (makes  slopes  * 0 at  A(l)  * 0) 

KOND  > 1 (makes  slopes  * 0 at  D(l)'  * 0) 

The  output  of  dlls  new  function  for  K ■ 25  and  K ■ 75  is  shown  as  Tables  8 and  9. 
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Fimction  of  t (tinie  uwd)  and  f (fraction  fll)  for  k ^ 25 
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i If  the  policy  maker  decides  that  the  changes  near  T ■ 0 and  F ■ 0 should  be  more  gradual,  than  U^er 

I exponents  could  be  used.  Also  the  changes  might  be  mote  gradual  for  D than  for  A. 

! Assume  that 

AEXP“3 

j DEXP-S 

' The  outputs  of  diis  new  function  for  K > 2S  and  K*  7S  are  shown  as  Tables  lOand  11.  Three-dimensional 

representations  of  these  two  modds  ate  diown  as  Rgures  16  and  17. 


Table  10.  Y (Payoff)  ■TUfd  Degree  Function  oft  (time  UMd)  and  rath  DcpeeFuBctioa 

of  f (fraction  flO)  fork -25 
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Figure  16.  Y * thiid  degRc  f^tion  of  t(time  uMd)  and  fifth  degree  function  of  l[tnetk>iial 

filOfork-25. 
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PIgtre  17.  Y ■ tUtd  degree  function  of  ((time  used)  and  fifth  decree  fanction 

of  ((fractional  ffll)  for  k « 75. 


Modell 

The  aeoond  general  modd  allowi  for  expreasing  the  compoaite  value  Y as  a function  of  any  two 
vaiiablea  A and  D uaing  a general  polynomial  form  u in  Model  1.  However,  this  model  dlowt  for  more 
comidax  centred  of  the  slopes  so  that  policy  expressions  that  reflect  statements  about  maximum  or 
minimum  values  can  be  easily  specified.  Model  2 is  devdoped  in  >^>pendix  F. 

Model  2 is  expressed  as 

Y - B(l)^B(2)*(A-A(KONA))*«  AEXP 

+ B(3)  • (D  - D0COND))  ••  (DEXP  ■ 1) 

+ B(4)  • ((A  ■ A(KONA))  ••  AEXP)  • ((D  - DOCWID))  ••  DEXP) 

+ B(5)  • ((A  - A(KONA))  ••  AEXP)  • ((D  • DOCOND))  ••  (DEXP  • 1)) 

♦ B(6)  • (D  - D(K(»1D))  ••  DEXP 

Where 


B(l)  - YaCONA.KOND)  

B(2)  - (YCKONACH,  KOND)  - Y(KONA.  KOND))/((A(KONACH)  • AOCONA))  ••  AEXP) 
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B(3)  = (DEXP  • (YOCONA,  KONDCH)  - Y(KONA,  KOND)))/((D0CONDCH)  • DOCOND)) 

••  (DEXP-D) 

B(4)  = (Y(KONACH,  KONDCH)  - Y(KONACH,  KOND)  + ((DEXP  •!)•  (Y(KONA, 
KONDCH)  - Y^LONA,  KOND)))y(((A(KONACH)  - AOfCONA))  ••  AEXP)  • 
((D(KONDCH)  - D(KOND))  ••  DEXP)) 

B(5)  = (-B(3))((A0CONACH)-A(KONA))**AEXP 

B(6)  = ((-8(3))  • (DEXP  - 1))/(DEXP  • (D(KONDCH)  - D(KOND))) 

This  model  has  the  following  characteristics,  the  first  three  being  the  same  as  for  Model  1: 

1.  For  every  value  of  D the  A-slope  is  zero  at  A(KONA)  and  no  other  values  of  A. 

2.  For  every  value  of  A the  D-dope  is  zero  at  D(KOND). 

3.  For  any  value  of  AEXP  and  for  aU  values  of  D the  variable  A and  A-slope  are  either  always 
iiKreasing  or  always  decreasing  between  A(l)  and  A(2).  Note  as  before  that  higher  values  of  AEXP  result  iii 
dower  changes  in  Y as  A changes  near  A(KONA)  and  faster  changes  in  Y as  A changes  near  A^ONACH). 

4.  For  any  value  of  DEXP  > 3,  the  I>clope  variable  is  zero  at  D(KONDCH)  and  A(KONA)i 

5.  For  any  value  of  DEXP  > 3,  and  for  A(KONA)  there  is  only  one  inflection  point  for  D-slope 
between  the  zero  slope  at  D(KOND)  and  the  zero  slope  at  D(KONDCH). 

6.  For  any  value  of  DEXP  ^ 3 and  for  A(KONACH)  the  variable  0 and  the  D-Sope  are  either 
always  mcreasing  or  always  decreasing  between  D(l)  and  D(2).  Note  that  higher  values  of  DEXP  result  in 
slower  changes  in  Y as  D changes  near  D(KOND)  and  faster  changes  near  D(KONDCH). 

7.  The  previous  restrictions  result  in  the  movement  of  D-slope  = 0 from  A(KONA),  D(KONDCH)  to 
A(KONACH),  D(KOND).  This  allows  for  policy  specification  requiring  ridges  or  valleys  indicated  by  dotted 
lines  on  the  right  tide  of  Figure  18.  These  sketches  indicate  how  Model  2 might  appear  with  selected 
settings  of  Y’s  and  lYs  for  all  combirutions  of  KONA  and  KOND. 

The  general  form  of  Model  2 will  now  be  used  to  represent  Example  1 above  where  Y is  a function  of 
Aptitude,  A,  and  Job  Difficulty,  D. 

Here  let  variable  A correspond  to  A (aptitudeX  and  variable  D correspond  to  D (difficulty).  Now  use 
Model  2 to  create  the  required  pdicy  specification. 


A(l) 

S 

40,  the  smaller  control  value  for  A (aptitude) 

A(2) 

= 

95,  the  larger  control  value  for  A (aptitude) 

D(l) 

X 

40,  the  smaller  control  value  for  D (difficulty) 

D(2) 

- 

100,  the  larger  control  value  for  D (difficulty) 

Y(l,l) 

- 

15,  Y value  at  A * 40,  D = 40 

Y(2,l) 

X 

35,  Y value  at  A = 95,  D = 40 

Y(l,2) 

-250,  Y value  at  A = 40,  D = 100,  and  determined  by  experience 
with  different  values  to  obtain  policy  speciHcation  3 for  the 
example. 

Y(2,2) 

X 

100,  Y value  at  A = 95,  D » 100 

AEXP 

X 

1,  change  in  Y is  constant  as  A changes 

DEXP 

* 

3,  value  of  DEXP  that  gives  control  of  maximum  values  at  desired 
places.  Higher  values  can  be  tried  to  observe  Y value  characteristics. 

KONA 

X 

2,  provides  for  formation  of  a ridge  of  maximum  Y values  from  A ■ 
40,D  = 40toA  = 95,D-100 
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KONA  = 1 


KOND - 1 


KONA  = 1 


KOND  « 2 


KONA  > 2 


KOND  « 1 


Y(Z1) 


KONA  - 2 


Figure  18.  Y (ptyoff)  • fiinctioii  of  A and  D.  Examptei  of  panmeter  icttiap  for  Model  2. 
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KOND  « 1 which  provides  gradual  inoreaae  of  Y as  difficulty  changes  near  D « 

40  for  all  values  of  aptitude,  allows  for  rapid  decrease  of  Y values  u 
diflOculty  dianges  after  nuudmum  Y vdues 

KONACH-  3-KONA-l 

DONDCH  * 3-KOND-2 

Substitution  in  Model  2 gives 

B(l)  - Y(KONA,  KOND)  = Y(2,l)  - 35 

B(2)  - (Y(KONACH).  KOND)  - Y(KONA.  KOND))/((A(KONACH)  - A(KONA))  •• 
AEXI) 

- (Y(l.l)  - Y(2.1)y((A(l)  - V2))  ••  AEXP) 

• (15-3S)/(40-95)**l 

- -2Q/-55*  20/55 -.3636 

B(3)  - (DEXP  • (Y(KONA,  KONDCH)  ■ Y(KONA,  KOND)))/((D(KONDCH)  - D(KOND)) 
••(DEXP-D) 

- (3  • (Y(2,2) . Y(2,l))y(D(2)  - D(l))  ••  2 

- (3*(100-35)y(100.40)**2 

- (3  •65y3600  - 65/1200 -.05417 

B(4)  - (YOCWACH,  KONDCH)  ■ Y(KONACH,  KOND)  + ((DEXP  - 1)  • (Y(KONA. 
KONDCH)  . Y(KONA,  KOND)))y  (((A(KONACH)  - AOCONA))**  AEXP)* 
((D(KONDCH)  - D(KOND))  ••  DEXP)) 

- (Y(1.2)  - Y(l.l))  + ((2  * (Y(2,2)  - Y(2,l)))y(((A(l)  - A(2))  •*  1)  • ((D(2)  - D(l)) 
**3)) 

- ((-250  - 1 5)  + 2 • (100  - 35)y((40  - 95)  • (100  - 40)  •*  3) 

- ^265  + 2*65y(-55)*(60)**3) 

- (-265  + 130y((-55  • 216  • 1000) 

- -135/(-55  • 216  • 1000)  - .00001136 

B(5)  - (-B(3)y(A(KONACH).A(KONA))**AEXP 

- (-65/1200y(A(l)-A(2))**l 

- (-65/1200y(40  - 95)  = 65/(1200  • 55) 

- .0009848 

B(6)  - ((-8(3))  • (DEXP  - l)y(DEXP  • (D(KONDCH)  - D(KOND))) 

- ((-65/1200)  •2y(3*  (100 -40) 

- (-130/1200)/(3  • (60)) 

- -.0006019 

The  equation  is  the  same  as  diown  in  Example  1 given  earlier. 

Y - 35  + .3636  (A  - 95)  + .05417  (D  - 40)* 

+ .00001136  (A  - 95XD  -40)* 

+^0009848  (A  - 95)(D  - 40\* 

-.0006019  (D- 40)* 
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Figure  19  shows  the  relation  between  Y and  Aptitude  at  selected  Difficulties  as  well  as  the  relation 
between  Y and  Difficulties  at  selected  Aptitudes.  These  sketches  are  the  same  as  Figures  4 and  S. 

Table  12  contains  selected  values  generated  from  Model  2 with  the  parameter  specified  above.  This 
output  is  the  same  as  Table  1.  Figure  20  is  a three-dimensional  representation  of  the  model.  It  is  identical  to 
Figure  6. 

Models 

A third  general  model  that  follows  easily  from  Model  2 is  essentially  the  same  as  Model  2,  but  allows 
control  of  inflection  points  rather  than  slopes  = 0.  The  developntent  of  Generalized  Model  3 is  described  in 
Appendix  G. 

Model  3 is  expressed  exactly  as  Model  2,  except  with  the  following  differences  for  B(3),  B(4),  and 

m- 

B(3)  = ((DEXP/2)  • (Y(KONA,  KONDCH)  - Y(KONA.  KOND)))/((D(KONDCH)  - 

D(KOND))**(DEXP-l)) 

B(4)  = (Y(KONACH,  KONDCH)  - Y(KONACH,  KOND)  + (((DEXP  - 2)12)  • (Y(KONA, 
KONDCH)  - Y(KONA,  KOND)))y(((A(KONACH)  - A(KONA))  •*  AEXP)  * 
((D(KONDCH)  - D(KOND))  ••  DEXP) 

B(6)  = ((-B(3))*(DEXP-2))/(DEXP*(D(KONDCH)-D(KOND))) 

This  model  has  the  same  properties  as  Model  2 except  that  instead  of  controlling  D-slope  = 0 this  model 
moves  the  inflection  point  of  D-slope  from  A(KONA),  D(KONDCH)  to  A(KONACH),  D(KOND).  This 
allows  for  a slightly  different  expression  of  policy. 

Figure  21  shows  sketches  of  Model  3.  Comparison  of  Figure  21  with  Figure  18  will  contrast  Models  2 

and  3. 

The  general  form  of  Model  3 will  be  used  for  Example  1 with  the  same  parameter  settings  as  used  to 
specify  Model  2.  This  provides  an  easy  comparison  between  Models  2 and  3.  The  output  of  Model  3 is 
shown  in  Table  13.  Bgure  22  is  a three-dimensional  representation  of  Model  3,  and  it  can  be  compared  with 
Figure  20. 

Combining  the  Models 

The  three  models  have  been  combined  into  an  interactive  FORTRAN  computer  program  for  ease  of 
use.  Model  2 and  3 were  combined,  as  described  in  ^pendix  H,  prior  to  computer  implementation. 
Appendix  I contains  the  computer  program  along  with  an  example  of  its  execution. 

As  an  aid  to  specifying  policies,  sketches  of  Models  1,  2,  and  3 for  ail  combinations  of  KONA  and 
KOND  can  be  placed  together  as  shown  in  Figure  23.  a policy  maker  might  be  able  to  better  express  his 
policy  by  selecting  a sketch  from  among  the  available  possibilities.  This  approach  was  used  during 
discussioits  of  simulations  of  the  choices  made  by  applicants  who  are  presented  an  ordered  list  of  jobs. 

The  goal  was  to  create  a ifiodd  to  express  “tendency  to  dioose  a job,”  Y,  as  a function  of  Rank 
Order  on  the  list,  and  a Preference  Rating  for  the  job.  The  Rank  Order  is  to  be  associated  with  variable  A 
and  the  Preference  Rating  is  associated  with  D.  Rank  Order  ranges  from  1 (high)  to  IS  (low)  and  Preference 
Ranges  from  9 (high)  to  1 (lov/). 

1.  The  highest  value,  Y = 100,  occurs  at  Rank  = 1 (hi^)  and  Preference  Rating  = 9 (hi^);  i.e.,  at 
A(l),  D(2).  This  translates  to  parameter  settings 

Y(l,2)  = 100  (Y  value  at  A(l),  D(2)) 

2.  The  lowest  value,  Y = I occurs  at  Rank  = 15  (low)  and  Preference  Rating  = 1 0°^);  i.e.,  at  A(2), 
D(l).  This  translates  into 
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MAXIMUM  VALUES  (FOR  FIXED  APTITUDES) 

X K INFLECTION  POINTS  (FOR  FIXED  APTITUDES) 


KONA  - 1 


■ 


KOND  - 1 


I 

I 


Y(1,2) 


N«tai  Horfzomat  Dark  linaa  indicata  dopa  • 0. 

Slanting  Dark  Linaa  (/)  indicata  inflaction  pointa. 

Oottad  Linaa  I. . . .)  Indicata  eonnactad  inflaction  pointa. 


Figure  21.  Y (payofT)  * functioB  of  A and  D.  Examplei  of  parameter  aettinii  for  Model  3. 
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MAXIMUM  VALUES  (FOR  FIXED  APTITUDES! 
inflection  points  (FOR  FIXED  APTITUDES) 


3.  Y = SO  at  Rank  * 1 (high)  and  Preference  * 1 Oow); i.e.,  at  A(1 ),  D(l) 

This  requires 

Y(l.l)-50 

4.  Y = 25  at  Rank  = 15  Oow)  and  Preference  = 9 (high);  i.e.,  at  A(2),  D(2).  Then  we  set 

Y(2,2)  = 25 

5.  The  values  of  Y will  always  be  decreasing  as  values  of  Rank  and  Preference  move  away  from 
Rank  = 1 and  Preference  = 9.  This  implies  the  case  of  Model  1. 

6.  Near  the  highest  value  Y = 100  at  Rank  = 1 and  Preference  = 9 the  Y values  should  decrease 
rapidly  as  Rank  (variable  A)  increases  for  fixed  Preference.  The  values  will  decrease  slowly  as  Rank  (A) 
approaches  15.  This  means  that  variable  A will  have  a rapid  change  near  A(l)  and  a slow  change  near  A(2). 
This  means  that  we  should  set 

KONA  = 2 

7.  Near  the  highest  value  Y = 100  at  Rank=  1,  Preference  = 9 the  Y values  should  decrease  slowly  as 
Preference  (variable  D)  deaeases  for  fixed  Rank.  The  values  will  decrease  rapidly  as  Preference  (D) 
approaches  the  lowest  value,  1.  This  means  that  variable  D will  have  a rapid  change  near  0(1)  and  a slow 
change  near  D(2).  This  requires  the  parameter  setting 

KOND  = 2 

8.  The  changes  in  Y values  for  Ranks  near  Rank  = 15  should  be  slower  (flatter)  than  the  changes  in 

Y values  for  Preferences  near  Preference  = 9.  Or  another  way  to  say  this  is  that  changes  in  Y values  for 
Ranks  near  Rank=l  should  be  faster  (steeper)  than  the  changes  in  Y values  for  Preferences  near 
Preference  = 1.  Ihis  implies  that  AEXP  > DEXP.  To  express  these  statements,  values  for  the  parameters 
were  set  to  > 

AEXP  = 4 
DEXP =2 

The  output  of  this  policy  specification  is  shown  as  Table  14. 

Figure  24  shows  a graphical  representation  of  the  function. 

This  policy-specified  model  was  used  to  determine  the  probabilities  for  simulating  the  choice  of  an 
applicant.  The  Y values  for  all  15  jobs  were  determined  from  the  policy-specified  function.  Then  the 
probability  of  selection  was  given  by 

15 

Probability  for  Job  i = Yj  / S Yj 
i=l 

The  entire  process  of  policy-specifying  this  model  required  less  than  one-half  day. 
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V.  SUMMARY  OBSERVATIONS 


Policy-tpecifying  has  been  shown  to  be  a practical  approach  to  obtaining  implicit  weights  for 
information  to  be  combined  into  a payoff  value.  Applications  to  new  situations  will  continue  to  reveal  the 
power  of  these  models.  Policy-specifying,  combined  with  policy-capturing  can  provide  a useful 
policy-development  ^stem.  An  on-line  computer-based  policy-development  system  should  be  imidemented 
so  that  wide-spread  use  can  be  made  of  the  process. 

The  policy-specifying  models  developed  in  this  paper  should  be  extended  and  improved  to  allow  for 
easier  use  by  the  policy  maker.  The  two-predictor  models  can  be  modified  slightly  to  increase  the  power  of 
the  present  system. 

When  it  is  desired  to  interact  several  variables,  the  two-variable  rr  jdels  can  be  used  repeatedly.  For 
example,  it  might  be  appropriate  to  combine  the  Aptitude-DifUculty  component— described  in  Example 
l-in  an  interactive  way  with  the  Hme-FUl  component-describ'*'i  :n  Example  2.  The  resulting  payoff 
generator  would  express  a four-variable  interaction  among  ^^ituuv  , Difn<  !>lty.  Time  and  Fill. 
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APPENDIX  A:*  MODEL  DEVELOPMENT  FOR  EXAMPLE  1 
Value  to  Ail  Force  ai  Function  of  ^titude  and  Job  Difficulty 


The  policy  of  Example  1 will  start  with  a polynomial  of  degree  1 in  A (Aptitude)  and  degne  3 in  D 
(Difficulty).  When  policy-tpecifying  uses  a polynomia)  form,  great  simplification  is  obtained  by  starting 
with  a model  in  which  the  variables  are  expressed  as  deviations  from  a wdl-chosen  constant.  The  constant  is 
chosen  according  to  the  properties  specified  by  the  policy. 

The  starting  model  is 

Y - B(0.0)+ B(0.1)*(D-DK)  + B(0,2)*(D-DK)**2  + B(03)*(D-DK)**3* 

8(1,0)  • (A  • AK)  + 8(1,1)  • (A  - AK)  • (D  - DK) 

+ 8(1 ,2)  • (A  - AK)  • (D . DK)  • • 2 
+ 8(1,3)  • (A  - AK)  • (D  - DK)  • • 3 

Since  the  policy  seemed  to  imply  that  D-dopes  would  equal  zero  at  D * 40  for  all  values  of  A,  it  was 
decided  to  choose  DK  40.  Since  A was  only  of  degree  equd  one,  the  value  of  AK  could  be  set  to  either  of 
the  critical  values  (AK  40  or  AK  > 9S)  discussed  in  the  specifying  proceaa.  AK  ■ 95  was  the  selected 
value.  Ihe  model  now  becomes 

Y - 8(0,0)  + 8(0,1)  • (D  . 40)  + 8(0,2)  • (D  - 40)  • * 2 ♦ B(L,J)  • (D  • 40)  ••  3 ♦ 

8(1,0)  • (A . 95)+  8(1,1)  • (A . 95)  • (D  - 40) 

+ B(l,2)*(A-95)*(D-40)**2 
+ 8(l,3)*(A-95)*(D-40)**3 

There  are  eight  unknown  parameters,  8’s,  to  be  detemnined  from  policy  specifications. 

Statement  1,  Restrictions  1 - 2 

D>slopes  (i.e.,  slope  of  Y with  respect  to  D)  are  equal  zero  at  D = 40  for  all  values  of  A. 

Letting  YID  ■ the  first  partial  derivative  of  Y with  respect  to  D 

YID  « 8(0,l)  + 2*  8(0,2)*(D.40)+3*8(0,3)*(D.40)**2  + 8(l,l)*(A-95)  + 2 

•8(1,2)*(A.95)*(D-40)  + 3*B(1,3)*(A-95)*(D-40)**2 

At  D ■ 40 

YID-  8(0,1)+ 8(1,1)*  (A -95) 

Ihen  setting 

YID  = 0 = 8(0,1)  + 8(1,1)  • (A  - 95) 

we  observe  that  for  the  above  statement  to  be  true  for  all  values  of  A it  is  necessary  that 

8(0,1)  - 0 (Restriction  1) 

8(1,1)  - 0 (Restriction  2) 

Then  the  model  can  be  reduced  to  the  six  parameter  form  to  simplify  imposing  the  remaining  restrictions. 


*An  capital  ietten  are  uted  coiififCently  throughout  the  Appendixea.  Note  that  * meana  "multiplication’’  and  ** 
means  "exponentiation.’’ 
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Y = B(0,0)+B(0,2)*(D-40)**2+B(0^)*(D-40)**3 

+ B(1,0)  • (A  - 95)  + B(l,2)  • (A  - 95)  • (D  - 40)  • • 2 
+ B(l,3)*(A.95)*(D-40)**3 
and 

YID  = 2 * B(0,2)  • (D  -40)+  3 • B(0,3)  • (D-  40)  **2 

+ 2 • B(l,2) • (A- 95) * (D - 40)  + 3 • B(13)  • (A  - 95) • (D -40) ••  2 

Statement  2,  Restriction  3 

D-slopc  equal  zero  at  D = 100,  A = 95 

YID  = 0 = 2 • B(0,2)  * (100  - 40)  + 3 • B(0,3)  • (100  - 40)  • • 2 

0=2*  B(0,2)  * 60  + 3 * B(03)  * (60)  * * 2 

B(0,2)  + 90  * B(0,3)  = 0 (Restriction  3) 

Statement  3,  Restriction  4 

The  inflection  point  (second  partial  derivative  of  Y with  respect  to  D = 0)  occurs  at  A = 40,  D = 40. 

The  second  partial  derivative  of  Y with  respect  to  D is 
Y2D  = 2 * B(0,2)  + 6 • B(03)  * (D  - 40) 

+ 2 * B(l,2)  • (A-  95)+  6 * B(l,3)  * (A  - 95)*  (D  -40) 

Evaluating  at  A = 40,  D = 40  and  setting  Y2D  = 0 
2 * B(0,2)  + 2 • B(l,2)  * (40  - 95)  = 0 

B(0,2)  + (-55)  * B(l,2)  = 0 (Restriction  4) 


Statements  4-7,  Restrictions  5-8 

The  values  of  Y were  specified  for  four  different  combinations  of  A and  D.  Ihe  value  of  Y = -250  at  A = 

40,  D = 100  was  determined  by  experiment  to  make  positive  Y values  begin  just  above  the  eligibility  cut-off 
scores. 

Then  the  requirements  are 


Y=  100  at  A = 95  D=100 
Y=  35  atA  = 95  D=  40 
Y=  15  atA  = 40  D=  40 
Y = -250  at  A = 40  D=100 
Evaluating  the  function  at  the  above  values  we  obtain 
B(0,0)  + B(0,2)  • (60)  • • 2 + B(0,3)  • (60)  * * 3 = 100 
B(0,0)  = 35 

B(0,0)  + B(l,0)*(-55)=15 
B(0,0)  + B(0,2)  • (60)  • • 2 + B(03)  * (60)  * • 3 
+ B(1,0)  • (-55)  + B(l,2)  • (-55)  • (60)  • • 2 

+ B(U)  * (-55)  • (60)  • • 3 = -250 
Restrictions  3-8  can  now  be  summarized  as  follows: 


(Restriction  5) 
(Restriction  6) 
(Restriction  7) 


(Restriction  8) 
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8(0,0) 

8(0,2) 

8(03) 

8(1,0) 

8(1,2) 

8(1,3) 

R-3 

1 

90 

= 0 

R4 

1 

-55 

= 0 

R-5 

1 

(60)> 

(6oy 

= 100 

R-6 

1 

= 35 

R-7 

1 

-55 

= 15 

R-8 

1 

(60)» 

(60)* 

-55 

(-55X60)* 

(-55X60)* 

= -250 

These  six  restrictions  can  be  imposed  as  follows : 

From  R-6 

B(0,0)  = 35 
From  R-7 

35 -55  * 8(1,0)-  15  and  8(1,0)  = . 3636 
From  R-3  and  R-5 
(R-3)  8(0,2) +90*  8(0,3)  =0 

(R-5)  8(0,0)  + 8(0,2)  * (60)  • • 2 + 8(03)  ♦ (60)  • * 3 = 100 
Substituting  8(0,0)  = 35  In  (R-5)  and  multiplying  (R-3)  by  (60)  • • 2 
(R-5)  8(0,2)  • (60)  • • 2 + 8(0,3)  • (60)  • • 3 - 65 
(R-3)  8(0,2)  *(60)*  *2*  8(03)  • 90  ♦ (60)  • • 2 - 0 
8(0,3)  = 65/((60)  **  2)*  (-30) 

8(0,3)  = (-13)/(21600)  = -0006019 
Substituting  in  R-3 
(R-1)  8(0,2) +90*  8(0,3)  = 0 

8(0,2)  = ((-90)  * (-13)y(21600)  = 65/1200 
8(0,2)=  13/240  = .05417 
Substituting  in  R-4 
(R4)  8(0,2)  + (-55)  • 8(1,2)  = 0 
8(1,2)  = (-13)/(240*  (-55)) 

8(1, 2)  =.0009848 
Substituting  in  R-8 
8(l,3)  = (-135)/(-55*(60)**  3) 

8(1,3)  = 1/88000  = .00001 136 

Then  the  policy-specified  model  of  Example  1 is 

Y - 35  + .05417  • (D  - 40)  • • 2 - .0006019  • (D  - 40)  • • 3 

+ .3636  • (A  - 95)  + .0009848  • (A  -95)  • (D  - 40)  * • 2 
+ .00001 136  • (A  - 95)  • (D  - 40)  • • 3 
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APPENDIX  B:  MODEL  DEVELOPMENT  FOR  EXAMPLE  2 
Value  to  Air  Force  u Function  of  Time  Used  and  Fraction  of  Fin 

Ihe  policy  of  Example  2 starts  with  a polynomial  of  degree  1 for  T (Time  Used)  and  fur  F (Fraction 
ofFfll). 

The  isnetal  model  is 

Y • B(0,0)  + B(0,1)  • (F  - FK)  + B(1,0) • (T - TK)  + B(l,l)  • (T  - TK)  • (F  - FK) 

Since  the  policy  desires  specific  Y values  when  F - 0 and  when  T > 0,  it  is  convenient  to  set  FK  = 0 
and  TK  ■ 0.  Then  the  model  becomes 

Y - B(0.0)+  B(0,1)  B(1,0)  • T+  B(l,l)  * T • F 

There  are  only  four  unknown  parameten  to  be  specified;  therefore,  the  four  critical  Y values  are 
sufficient  to  determine  the  unknown  Vs. 

Statements  14,  Rcstrictioiis  14 


Y-lOO 

T-180 

F-0 

Y-0 

T-0 

F-1.0 

Y-K 

T-0 

F-0 

Y-K 

T-180 

F-1.0 

These  statements  are  then  used  to  obtain  the  restrictions  as  follows: 

R1  B(0,0)  +8(1,0)  *180  -100 

R.2  8(0,0) + 8(0,1)  -0 

M 8(0,0)  -K 

R4  8(0,0)+8(0,1)  + 8(1,0)*180+8(1,1)*  180  -K 
Then  we  have  from  R-3 
8(0,0)  «K 
from  R-2 

8(0,1) --K 
from  R-1 

8(1,0) -(100- Ky  180 

from  R4 

8(l,l)-(2*K.100yi80 
Then  the  modd  becomes 

Y - K+  (-K)*  F + ((100 ■ Ky  180) • T+ ((2  • K-  100yi80) • T • F 
and  when  K • 2S 

Y - 25  + (-25  • F)  + (.4167  • T)  + (-.2778  • T • F) 

and  when  K- 75 

Y - 75  + (-75  • F)  + (.1389  • T)+  (.2778  • T*  F) 
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APPENDIX  C:  MODEL  DEVELOPMENT  FOR  EXAMPLE  3 


Value  to  Ail  Force  as  Function  of  Fill  and  Known  Goal 

This  model  can  be  developed  from  observing  the  sketch  in  Hgure  C-1  of  the  policy  statements  for 
three  goals. 


fraction  Fill 


Figure  C-I.  Sketch  of  policy  from  example  3 showing  the  function  for  three  different  goak 


L 
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The  model  staiu  with  a general  polynomial  of  degme  3 for  variable  F. 

Y - B(0)  + B(l)  • (F . FK)  + B(2)  • (F  - FK)  • • 2 + B(3)  • (F  - FK)  • • 3 

Since  the  critical  values  of  Y are  specified  when  F ■ the  known  goal  (G),  we  will  let  the  value  of  FK  > 
G.  Then  our  model  is 

Y - B(0)  + B(  1 ) • (F  ■ G)  ♦ B(2)  • (F . G)  • • 2 + B(3 ) * (F  - G)  • • 3 
There  are  four  parameters  to  be  determined  at  this  time. 

Statements  1 and  2,  Restrictiona  1 and  2 

We  would  like  the  slope  of  Y with  respect  to  F to  be  zero  when  F = G and  the  inflection  point  to 
occur  when  F ■ G. 

Therefore  we  write  the  first  derivative 
Y1 F = B(l)  + 2 • B(2)  • (F  - G)  + 3 • B(3)  • (F  - G)  • • 2 
and  the  second  derivative 
Y2F»2*B(2)  + 6*  B(3)*(F.G) 

Then  we  have  the  restrictions  that 

YlF-0atF»G 

Y2F-0atF»G 

therefore 

B(l)-0-YlF 

B(2)-0-Y2F 

Then  our  first  two  restrictions  imply  B(l)  ■ 0 and  B(2)  > 0 so  the  model  becomes 

Y-B(0)+B(3)*(F.G)**3 

Statements  3 and  4,  Restrictions  3 and  4 
First  consider  0 < G < .5 

Then  whenever  F = G,  we  want  Y ■ 50  and  when  F ■ 2G,  Y ■ 0. 

Then  we  impose  these  two  restrictions  and  obtain: 

B(0)-50 

B(0)+B(3)*(G)**3-0 
B(3)  - -50/G  • • 3 

Then  we  have  the  model  for  0 < G<  .5 
Y - 50  + (50/G  • • 3)*  (G  • F)*  • 3 
For  the  special  cases 

C-0F#0  then  Y»0 
G ■ 0 F • 0 then  Y ■ 50 


and  when  0 < G < .5  and  2G  < F < 1 


Y = 0 

Next  consider  the  range  .5  < G < 1 
Whenever  F = G,  we  want  Y * 50  and  when 
F = 2 G - 1,  we  want  Y * 100. 

Then  imposing  these  two  restrictions  we  have 
B(0)  » SO 

B(0)+B(3)*(G-1)**3-100 
B(3)»50/(G.l  )**3 

Then  we  write  the  model  for  .5  < G < 1 aiid(2G  - 1)  < F < 1 
Y - 50  + ( 50/( 1 - G)  • • 3)  • (G  - F)  • • 3 
For  the  special  cases 

G - 1 F # 1 then  Y » 100 
G-lF-1  thenY-50 
andwhen0<F<(2G  - 1) 

Y-lOO 

It  is  sometimes  convenient  to  create  a default  option  which  maintains  an  on-target  value  of  Y > 50  for 
aU  values  of  F.  This  is  accomplished  by  setting  Y ■ 50  when  G«0orG«l.If  this  procedure  it  uaed,  it  ia 
necessary  to  assign  G equal  a small  positive  value  near  zero  to  represent  a desired  goal  of  zero,  or  to  assign  G 
equal  a value  slightly  lets  than  1 to  represent  a desired  goal  of  one. 


I 
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APPENDIX  D:  MODEL  DEVELOPMENT  FOR  EXAMPLE  4 
Value  to  Air  Force  as  a Function  of  Several  Components 

When  several  components  are  to  be  combined  into  a single  composite,  a policy  maker  may  wish  to 
control  the  “relative  amount"  that  each  component  contributes  to  the  composite.  One  approach  to  this  is 
to  convert  the  range  of  each  variable  into  a fractional  part  of  the  composite. 

Start  with  a model  of  N components  of  the  form 

Y = B(0)  + B(l)  * (X(l)  - K(l))  + . . . + B(I)  • (X(l)  - K(I)) 

+ ...  + B(N)*(X(N)-K(N)) 

There  are  N + 1 parameters  to  be  determined.  Since  we  wish  to  make  statements  of  policy  at  high  (H(I))  or 
low  (L(0)  values  of  each  variable  X(IX  we  can  arbitrarily  set  K(I)  = L(I). 

Then  the  starting  model  becomes 

Y = B(0)  + B(l)  • (X(l)  - Ul))  + . . . + B(I)  • (X(I)  • UD) 

+ ...  + B(N)*(X(N)-L(N)) 

We  would  like  the  following  conditions  to  be  satisfied: 


HC  ^ high  value  of  composite 

LC  = low  value  of  composite 

F(0  ~ fraction  of  composite  to  be  used  by  X(I) 

Then  we  want 

Y = LC  when  X(I)  = L(I) 

Substituting  in  the  model  to  express  this  restriction  we  obtain 

B(0)  = LC 

And  when  X(I)  = H(I)  and  X(J)  = L(J)  for  J # I 

Y equals  LC  + F(I)(HC  -LC) 

Thisim[dies 

LC  + B(I)  • (H(I)  - 40)  - LC  + F(0  • (HC  - LC) 

Then  we  have 

B(0  - (F(0  • (HC  - LC))/(H(0  - 40) 

Substituting  these  values  for  B(0)  B(0  gives 

Y - LC  + ((F(l)  • (HC . Lqy(H(l) . 41)))  • (X(l) . 41)) 

♦ . . . + ((F(0  • (HC  - LC))/(H(0  - 40))  • (X(0  • 40) 

+ . . . + (F(N)  • (HC  - LC))/(H(N)  - 4N)))  * (X(N)  - 4N)) 


1 = 1,. ..,N 


1=1,  ...,N 


1=1,  ...,N 


1 


60 


( 


APPENDIX  E:  MODEL  OEVELQPMEKT  FOR  (XNERAUZED  MODEL  1 

The  mejor  reitrictioni  for  Model  1 are  that  there  be  one  and  only  one  value  of  variable  A (caB  it 
A(KONA))  for  udiich  the  A-elope  equals  0 at  every  value  of  D;  and  that  diere  be  one  and  only  one  value  of 
variable  D (call  it  D(ICOND))  for  whiA  the  Delope  equab  0 at  every  value  of  A. 

The  polynomial  form  of  degrees  AEXP  and  DEXP  in  A and  D that  has  the  above  properties  is 
Y - B(l)  + B(2)  • (A  ■ A(ICONA))  • • AEXP 
+ B(3)  • (D  ■ D(KOND))  • • DEXP 

+ B(4)  • ((A  - A(KONA))  • • AEXP)  • ((D  - D(KOND))  • • DEXP) 

The  four  unknown  values  B(l),  ....  B(4)  can  be  determined  by  poUcy-epecUying  die  Y values  at  four 
critical  combinations  of  A and  D. 

The  A values  for  control  are  designated 
A(KONA)  and  A(KONACH) 
and  the  D control  values  are 

D(KOND)  and  D(KONDCH) 

The  policy  statements  give  explicit  values  of  Y for  all  four  combinatioru  of  A and  D control  vahias.  These 
four  Y values  are  named 

Y(KONA,KOND) 

Y(KONA.KONDCI9 

Y(KONACH.KOND) 

Y(KONACH,KONDCH) 

Then  the  four  restrictioru  imposed  on  the  modd  are 

(R-1)  B(l)  -YaCONA.K(»lD) 

(R-2)  B(l)  +B(3)*(DaC0NDCH).D(K0ND))**DEXP  - YOCONA.  KONDCH) 

(R-3)  B(l)  + B(2)  • (A(KONACH)  - A(KONA))  • • AEXP  - Y (KONACH.  ROND) 

(R-4)  B(l)  + B(2)  • (A(KONACH)  - A(KONA))  • • AEXP 
+ B(3)  • (D(K(»1DCH)-  DCKOND))  • • DEXP 
♦ B(4)  • ((A(KONACH)  • A(KONA))  • • AEXP)  • 

((D(KONDCH) . D(KOND))  • • DEXP)  • Y (KCWACH.  KONDCH) 

Solving  these  four  restrictions  we  obtain  from  R-1 
B(l)-Y(KONA.KOND) 

from  R-2 

B(3)  - (Y(KONA.  KONDCH)  - YOCONA,  KOND))/((Da:ONDCH)  - DOCOND))  • • DEXP) 

from  R-3 

B(2)  - (Y(KONACH.  KOND)  - Y(KONA.  KOND)V((A(KONACH)  - A(KCWA))  • • AEXP) 
and  from  R-4 

B(4)  - (Y(KONA,  K(n4D)  - Y(KONA.  KONDCH)  - Y(KONACH.  K(»1D)4  Y(KONACH, 
KONDCH))/(((A(KONACH)  - A(KONA))  • • AEXP)  * ((D(K(»1DCH)  • DQCOND)) 

• • DEXP)) 


•YCKCWACH.  KONDCH) 


APPENDIX  F:  MODEL  DEVEL(X>MENT  FOR  GENERALIZED  MODEL  2 


The  major  lestrictioiu  for  Model  2 are  that  there  be  one  and  only  one  value  of  variable  A (call  it 
A(iCONA))  for  which  the  A-siope  equals  0 at  every  value  of  D (the  same  as  Model  1);  but  there  should  be 
two  and  only  two  values  of  variable  D (one  of  which  is  D(KOND))  for  sMdi  the  IMope  equals  0 at  every 
value  of  A. 

The  polynomial  form  of  degrees  AEXP  and  DEXP  in  A and  D that  hu  the  above  properties  is 
Y = B(l)  + B(2)  • (A  - A(KONA))  *•  AEXP 

+ B(3)  • (D  - D(KOND))  ••  (DEXP  - 1) 

+ B(4)  • ((A  - A(KONA))  ••  AEXP)  * ((D  • D(KOND))  *•  DEXP) 

+ B(5)  • ((A  - A(KONA))  •*  AEXP)  • ((D  - D(KOND))  ••  (DEXP  - 1 )) 

+ B(6)  * (D  - D(KOND))  ••  DEXP 

In  order  to  control  the  movement  of  a maximum  (or  minimum)  ridge  (or  valley)  we  will  require  two 
special  restrictions  on  the  D-slopes. 

Statements  1 and  2;  Restrictions  1 and  2 

The  starting  model  above  already  has  D-slope  equal  zero  at  D(KOND).  To  control  the  ridge  (or  valley) 
movements  we  will  require  that 

(1)  When  A = A(KONA),  the  D-slope  = 0 at  D = D(KONDCH)  and  that 

(2)  When  A = A(KONACH),  the  D-sIope  = 0 ordy  at  D = D(KOND).  One  sketch  of  relationships  that 
have  these  conditions  is  presented  in  Figure  F-1. 

Then  we  write  the  expression  for  first  partial  derivative  of  Y with  respect  to  D. 

YID  = B(3)  * (DEXP  - 1)  • (D  - D(KOND))  ••  (DEXP  - 2) 

+ B(4)  • DEXP  * ((A  - A(KONA))  ••  AEXP)  • (D  • D(KOND))  ••  (DEXP  - 1) 

+ B(5)  • (DEXP  - 1)  • ((A  - A(KONA))  •*  AEXP)  • (D  - D(KOND))  •*  (DEXP  - 2) 

+ B(6)  * DEXP  • (D  ■ D(KOND))  ••  (DEXP  ■ 1) 

then  the  two  restrictions  become, 

when  A = A(KONA)  and  D = D(KONDCH),  YID  * 0 or 

(R-1)  B(3)  • (DEXP  - 1)  • (DOCONDCH)  - D(KOND))  ••  (DEXP  - 2)  + B(6)  • DEXP  • (D(KONDCH)  - 
-D(KOND))**(DEXP-I)  = 0 

and  when  A = A(KONACH)  the  D-slope  = 0 only  at  D = D(KOND) 

Rewriting  and  factoring  (D  - D(KOND))  ••  (DEXP  - 2) 

YID  = ((D  - D(KOND))  ••  (DEXP  - 2))  • [B(3)  • (DEXP  - 1)  + B(4)  • DEXP  • ((A(KONACH)  - A(KONA)  •• 
AEXP)  * (D  - D(KOND))  + B(5)  * (DEXP  - 1)  • (A(KONACH)  - A(KONA))  **  AEXP 
+ 11(6)  • DEXP  • (D  - D(KOND)] 

Then  we  observe  that  the  above  expression  is  guaranteed  to  be  zero  only  at  D = D(KOND)  by 
requiring  that 

(R-2)  D(3)  • (DEXP  - 1)  + B(5)  • (DEXP  - 1 ) • (A(KONACH)  - A(KONA))  ••  AEXP  = 0 


O(KOND) 


D 


O(KONDCH) 


i 

I 


i I 

r 1 

I 


Figitre  F-1.  Sketch  of  conditions  for  D-sIopes  in  generalized  Model  2. 


Statements  3-6;  Restrictions  3-6 

The  remaining  four  restrictions  are  provided  by  specifying  (as  in  Model  1) 

Y(KONA,  KOND) 

Y(KONA.  KONDCH) 

Y(KONACH,  KOND) 

Y(KONACH,KONDCH) 

The  four  restrictioru  are 
(R-3)  B(1)  = Y (KONA,  KOND) 

(R-4)  B(l)  + B(3)  • (D(KONDCH)  - D(KOND))  •*  (DEXP  - 1)  + B(6)  * (D(KONDCH)  - D(KOND))  •• 

DEXP  » Y(KONA,  KONDCH) 

(R-5)  B(l)  + B(2)  • (A(KONACH)  - A(KONA))  *•  AEXP  * Y(KONACH,  KOND) 

(R-6)  B(l)  + B(2) • (A(KONACH)  - A(KONA))  •*  AEXP+  B(3)  • (D(KONDCH) - D(KOND))  ••  (DEXP -1) 
+ B(4)  • ((A(KONACH)  - A(KONA))  ••  AEXP)  • ((D(KONDCH)  - D(KOND))  ••  DEXP) 

+ B(5)  • ((A(KONACH)  - A(KONA))  ••  AEXP)  • ((D(KONDCH)  - D(KOND))  ••  (DEXP  ■ 1)) 

+ B(6)  * (D(KONDCH)  - D(KOND)  *•  DEXP  = Y(KONACH,  KONDCH) 
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Now  to  simplify  the  development  let 
C(U)  ^ coefficient  of  B(J)  in  the  1th  restriction 
then 

C(1  » (DEXP  ■ 1)  • (DOCONDCH)  ■ D(KOND))  ••  (DEXP  - 2) 

C(1 .6)  = (DEXP  * (DOCONDCH)  - D(KOND))  ••  (DEXP  - 1 ) 

C(23)  = (DEXP-1) 

C(2,5)  = (DEXP  - 1)  • (A(KON ACH)  - A(KONA))  ••  AEXP 

C(3.1)  = C(4.1)  = C(5.1)  = C(6.1)  = 1 

C(4,3)  = (D(KONDCH)  - D(KOND))  ••  (DEXP  • 1) 

C(4,6)  = (DOCONDCH)  - D(KOND))  **  DEXP 
C(5,2)  = (AOCONACH)  - A(KONA))  ••  AEXP 
C(6,2)  = (AOCONACH)  - AOCONA))  AEXP 
C(6,3)  = (D(KONDCH)  - DOCOND))  ••  (DEXP  - 1) 

C(6,4)  = ((AOCONACH)  - AOCONA))  *•  AEXP)  • ((D(KONDCH)  - D(KOND))  **  DEXP 
C(6,5)  = ((A(KONACH)  - A(KONA))  *•  AEXP)  • ((D(KONDCH)  - DOCOND))  **  (DEXP  ^ 1 ) 
C(6,6)  = (D(KONDCH)  - DOCOND))  ••  DEXP 

Now  the  restrictions  can  be  summarized  as  follows: 


B(l) 

B(2) 

m 

B(4) 

B(5) 

B(6) 

R-1 

C(l,3) 

0(1,6) 

= 0 

R-2 

C(2.3) 

0(2,5) 

= 0 

R-3 

1 

= YOCONA,  KOND) 

R-4 

1 

C(4,3) 

0(4,6) 

= YOCONA,  KONDCH) 

R-5 

1 

C(5.2) 

= YOCONACH,  KOND) 

R.6 

1 

C(6.2) 

CX6.3) 

0(6,4) 

0(6.5) 

0(6,6) 

= YOCONACH,  KONDCH) 

From  R-3  we  can  obtain 

B(l)-Y(KONA,KOND) 
from  R-S 

B(2)  - Y(KONCH,  KOND)  - YOCONA,  KOND))/C(5,2) 

B(2)  - (Y(ICONCH.  KOND).  Y (KONA,  KOND))/((A(KONACH)  • AOCONA))  ••  AEXP) 
from  R-1  and  R4 

B(3)  • C(l,3)  + B(6)  • C(1.6)  - 0 

B(1 ) + B(3)  • C(4,3)  + B(6)  • C(4.6)  - Y(KONA,  KONDCH) 

Solving  first  for  B(3)  gives 

B(3)  - (C(I,6)  • (YOCONA.  KONDCH)  • Y(KONA,  KOND)))/((C(4,3)  • C(f  4))  • (C(l  ,3)  • C(4,6))) 
and  after  substitution 
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B(3)  = (DEXP  * (Y(KONA,  KONDCH)  - Y(KONA,  KOND))y((D(KONDCH)  • D(KOND))  •*  (DEXP  - J)) 
Using  R-2 

B(3)  • C(23)  + B(5)  * C(2,5)  » 0 
and 

B(S)  = (-B(3)*C(2.3))/C(2.5) 

B(S)  = (-B(3)y(A(ICONACH)  - A(KONA))  ••  AEXP 
Using  R-1 

B(3)*  C(1,3)+B(6)*C(1.6)  = 0 
and 

B(6)  = (-B(3)*C(13)yC(1.6) 

B(6)  = ((-B(3))  • (DEXP-  l)y(DEXP • (D(KONDCH) - D(KOND))) 

Using  R-6 

B(l)  + B(2)  * C(6.2)  + B(3)  * C(6,3)  + B(4)  • C(6,4)  + B(5)  • C(6.5)  + B(6)  • C(6.6)  » Y(KONACH,  KONDCH) 
Saving  for  B(4)  gives 

B{4)  = (Y(KON  ACH,  KONDCH)  - Y(KONACH.  KOND)  + ((DEXP  - 1 ) * (Y(KONA.  KONDCH)  - Y(KONA, 
KOND)))y(((A(KONACH)  • A(KONA))  ••  AEXP)  • ((D(KONDCH)  - D(KOND))  ••  DEXP)) 


APPENDIX  G:  MODEL  DEVELWMENT  FOR  GENERALIZED  MODEL  3 


1 

( 


The  only  difTerence  between  Model  2 and  this  model  is  that  restrictions  1 and  2 in  this  model  will 
control  inflection  points  rather  than  D-tlope  * 0. 

The  polynomial  form  to  start  is  u in  Model  2 
Y - B(l)  + B(2)  • (A . A(KONA))  *•  AEXP 

+ B(3)  • (D  - D(KOND))  ••  (DEXP  • 1) 

+ B(4)  • ((A  - A(KONA))  ••  AEXP)  • ((D  - D(KOND))  ••  DEXP) 

+ B(5)  • ((A . A(KONA))  ••  AEXP)  • (DD  - D(KOND))  ••  (DEXP  - 1)) 

+ B(6)  • (D  - D(KOND))  ••  DEXP 

Statements  1 and  2;  Restrictions  1 and  2 

To  control  the  inflection  points  we  will  write  the  expression  for  second  partial  derivative  of  Y with 
[ respect  to  D. 

I Y2D  - B(3)  • (DEXP  ■ 2)  • (DEXP  - 1)  • (D  * D(KOND))  ••  (DEXP  - 3) 

[ + B(4)  • (DEXP  - 1)  • (DEXP)  • ((A  - A(KONA))  ••  AEXP)  • (D  - D(KOND))  ••  (DEXP  - 2) 

+ B(5)  • (DEXP  - 2)  • (DEXP  - 1)  • ((A  • A(KONA))  ••  AEXP)  • (D  - D(KOND))  ••  (DEXP  - 3) 

+ B(6)  • (DEXP  • 1)  • (DEXP)  • (D  • D(KOND))  ••  (DEXP  - 2) 

Then  the  restriction  for  inflection  points  control  are 
When  A « A(KONA)  and  D - D(KONDCH),  Y2D  = 0 or 

(R-1)  B(3)  * (DEXP  • 2)  • (DEXP  • 1)  • (D(KONDCI0  ■ D(KOND))  •*  (D^P  - 3)  + B(6)  • (DEXP  - 1) 

• (DEXP)  • (D(KONDCH)  - D(KOND))  ••  (DEXP  - 2)  = 0 

and  when  A - A(KONACHX  Y2D  - 0 only  at  D * D(KOND) 

I Rewriting  and  factoring  (D  - D(KOND))  ••  (DEXP  • 3) 

Y2D  - ((D  - D(KOND))  ••  (DEXP  - 3))  • (B(3)  • (DEXP  - 2)  • (DEXP  - 1) 

. ^ + B(4)  • (DEXP . 1)  • DEXP  • ((A(KONACH)  - A(KONA))  ••  AEXP)  • (D  • D(KOND)) 

+ B(5)  • (DEXP  - 2)  • (DEXP  • 1)  • (A(KONACH)  - A(KONA)  *•  AEXP 
i + B(6)*  (DEXP  . !)•  (DEXP  •(D-D(KOND)) 

! Then  we  observe  that  the  above  expression  is  guaranteed  to  be  zero  only  at  D = D(iC0ND)  by 

f requiring  that 

' I (R.2)  B(3)  • (DEXP  - 2)  • (DEXP  - 1)  + B(5)  • (DEXP  - 2)  • (DEXP  ■ 1)  • (A(XONACH)  ■ A(KONA)) 

••AEXP-0 

I Then  the  remaining  four  restrictioiu  are  the  same  as  in  Model  2. 

{ Now  we  can  let 

D(1 3)  - (DEXP  • 2)  • (DEXP  • 1)  • (D(KONDCH) D(KOND))  ••  (DEXP  - 3) 

^ But  noticing  the  value  of  0(13)  >nd  C(l^)  in  Model  2 (Appendix  F) 

D(13)  - 0(13)  • ((DEXP . 2)/(D(KONDCH)  .D(KOND))) 
and 


t 
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and 


D(23)  =■  (DEXP  - 2)  • (DEXP  - 1) 

D(2^)  = C(2.3)*(DEXP-2) 

Furthennore, 

D(2,5)  - (DEXP  - 2)  • (DEXP  • 1)  • (A(KONACH)  - A(KONA)  ••  AEXp 
D(24)-C(2,S)*(DEXP-2) 

Then  the  sdutions  for  B(l),  B(2),  and  B(S)  aie  the  same  u for  Model  2 and  we  have  new  values  for  B(3), 
B(4).andB(6) 

B(3)  = (D(l  ,6)  • (Y(KONA,  KONDCH)  - Y(KONA,  KOND)))/((C(4^)  • D(1  jS))  - (D(l  ^)  • C(44))) 
and  after  substitution 

B(3)  = ((DEXP/2)  • (Y(KONA,  KONDCH)  ■ Y(1C0NA.  KOND))y((D(KONDCH)-  D(KOND))  •• 
(DEXP  - 1) 

and 

B(6)-((-B(3))*D(1.3))/D(1.6) 

B(6)  = ((-B3))  • (DEXP  - 2)y(DEXP  • (D(KONDCH)  - D(KOND))) 

Using  restriction  (R-6)  gives 

B(4)  - (Y(KONACH).  KONDCH)  - Y(KONACH,  KOND)  + (((DEXP  - 2)12)  * (Y(KONA,  KONDCH)  ■ Y(KONA. 
KOND)))y(((A(KONACH)  - A(KONA))  ••  AEXP)  • ((D(KONDCH)  • D(KOND))  ••  DEXP) 


APPENDIX  H:  COMBINING  MODEL  2 AND  MODEL  3 


By  obsefving  the  close  similarity  between  Model  2 and  Model  3 we  can  insert  a new  parameter 

MOD  » 2 if  Model  2 
or  3 if  Model  3 

Then  the  coefficients  for  Model  2 or  Model  3 can  be  determined  by  setting  MOD  = 2 or  3 in  B(3),  B(4),  and 
B(6).  B(l),  B(2),  and  B(S)  are  the  same  in  both  models. 

B(l)  = Y(KONA,  KOND) 

B(2)  = (Y(KONACH,  KOND)  - Y(KONA,  KOND))/((A(KONACH)  - A(KONA)  •*  AEXP 

B(3)  - (DEXP/(MOD  - 1))  • (Y(KONA,  KOl'OX^H)  - Y(KONA,  KOND)))/((D(KONDCH) 
-D(K0ND))**(DEXP-1) 

B(4)  = (Y(K0NACH,  KONDCH)  - Y(KONACH.  KOND)  + (((DEXP  - MOD  + l/(MOD  - 1)) 

• (Y(KONA,  KONDCH)  - Y(KONA.  KOND))))/(((A(KONACH)  - A(KONA)  *• 

AEXP)  * ((D(KONDCH)  - D(KOND))  ••  DEXP) 

B(5)  = (-B(3)V(A(K0NACH)  - A(KONA))  ••  AEXP 

B(6)  = ((-B(3))  • (DEXP  - MOD  + 1))/(DEXP  • (D(KONDCH)  - D(KOND))) 


I 

i 


APPENDIX  I:  MODELS  1 , 2,  AND  3 FORTRAN  PROGRAM  ON  UNIV  AC  1 108 

The  following  program  provides  interactive  control  of  the  parameters  for  Models  1>  2i  and  3.  At  the 
end  of  an  interactive  session  the  user  can  request  a copy  of  the  output  on  the  high-speed  printer. 

The  program  is  entered  on  the  UNIV  AC  system  by  the  command  @XQT  CS*06PROGJIODELS— 
4X/25MAY.  A sample  execution  of  the  program  follows  the  program  listing. 
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USRFOl 

♦UHIVRC  1100  DPERftTIMG  SYSTEM  VER.  32-R2B-18C  <RSI>» 
9RUM  CS12» 20770401 *CS 
date:  041277  TIME*  082017 

^9XQT  06PRDG. M0DELS-4X/25MflY 
PLEASE  SELECT  A MODEL  <1  DR  2 DR  3> 

>1 

DD  YOU  WISH  TD  CHANGE  PARAMETERS?  <YES  DR  MD> 

>ND 
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kSTARD*  35  KSTDPD*105  KINCD*  5 
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